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Planar antenna structure and radio device 

The invention relates in particular to a planar antenna structure intended to be used 
in small portable radio devices. The invention also relates to a radio device having 
an antenna according to the invention. 

5 BACKGROUND OF THE INVENTION 

In portable radio devices, mobile communication devices in particular, the antenna 
is preferably located within the covers of the device for user convenience. An inter- 
nal antenna of a small-sized device is usually a planar type antenna because in that 
case it is easiest to achieve an antenna with satisfactory electrical characteristics. A 

10 planar antenna includes a radiating plane and a ground plane parallel thereto. Fig, 1 
shows an example of a known internal planar antenna with its feed arrangement. 
Depicted in the figure there is a circuit board 101 of a radio device, which circuit 
board has a conductive upper surface. This conductive surface serves as a ground 
plane 1 10 in the planar antenna. At one end of the circuit board there is the radiating 

15 plane 130 of the antenna, which radiating plane lies above the ground plane, 
supported by a dielectric frame 150. For matching of the antenna there is at the edge 
of the radiating plane, near a corner thereof, a short-circuit conductor 121, which 
connects the radiating plane to the ground plane, and the antenna feed conductor 
122. These conductors are in this example of one and the same metal plate with the 

20 radiating plane, each at the same time providing a spring by the force of which they 
are pressed against the circuit board 101 when the antenna is in use. For the feed 
conductor 122 there is a lead-through, isolated from the ground, to an antenna port 
on the lower surface of the circuit board. Antenna matching is provided through 
proper location of the feed and short-circuit conductors, design of the radiating 

25 plane, and potential additional components. The antenna may be arranged to have 
multiple operating bands by dividing the radiating plane into two branches of 
different electrical lengths as viewed from the short-circuit point by a non- 
conductive slot. 

A disadvantage of the structure shown in Fig. 1 is that when trying to achieve a very 
30 small device, the space required by the radiating plane within the device may be too 
big. In principle this disadvantage could be avoided if the radiating plane were fab- 
ricated as part of the cover of the device. This, however, would restrict the design of 
the radiating element and thus make it more difficult to achieve the electrical char- 
acteristics desired. 
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In the prior art, antenna structures are known which include a surface radiator fed 
by a primary radiator. Fig. 2 shows an example of such a structure. A surface 
radiator 230 is attached onto the inner surface of the cover 250 of a device. The 
structure further includes a circuit board 202 parallel to the surface radiator, on that 
5 surface of the circuit board wich is visible in Fig. 2 being a strip-like feed conductor 
216 of the antenna on the opposite side of the circuit board 202, i.e. on the surface 
facing the surface radiator, there is a conductive plane 210 with a slot-like non- 
conductive area 220. The center conductor of the feed line 205 is connected to the 
conductive strip 216 and the sheath to the conductive plane 210 which is thus 
10 connected to the signal ground. The antenna is matched by choosing appropriate 
dimensions for the circuit board 202 with its conductive parts. Moreover, 
dimensions of the structure are chosen such that the slot 220 resonates in the 
operating band and radiates energy to the surface radiator 230. As the surface 
radiator, in turn, resonates, it radiates radio-frequency energy into its surroundings. 

15 Antennas like the one depicted in Fig. 2 are used in some mobile network base 
stations, for example. It is conceivable that such an antenna would be applied in 
mobile stations as well. An advantage of such a structure would be that the antenna 
could be matched without needing to shape the radiator proper. However, little or 
no space would be saved compared to the structure shown in Fig. 1. Furthermore, 

20 such an antenna structure would have only one operating band, which would be a 
disadvantage. 

SUMMARY OF THE INVENTION 

An object of the invention is to reduce said disadvantages associated with the prior 
art. A planar antenna structure according to the invention is characterized in that 
25 which is specified in the independent claim 1. A radio device according to the 
invention is characterized in that which is specified in the independent claim 13. 
Some preferred embodiments of the invention are specified in the other claims. 

The basic idea of the invention is as follows: The radiating element of an antenna is 
a conductive part in the cover of the radio device or a conductive coating attached to 

30 the cover. The radiating element is fed electromagnetically by a parallel planar feed 
element connected to the antenna port and located near the radiating element 
between it and the ground plane. Between the feed element and antenna port, physi- 
cally between the feed element and ground plane, there is a feed circuit by means of 
which the antenna is matched and, if necessary, an additional operating band is 

35 provided. 
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An advantage of the invention is that the radiating element need not be shaped in 
order to provide resonating frequencies or antenna matching. Instead, it can be 
designed relatively freely based on the desired external appearance of the device, 
for example. Another advantage of the invention is that the antenna needs relatively 
5 little space inside the device. This is based on the fact that the distance of the radia- 
tor from the ground plane can be considerably smaller than in a corresponding 
PIFA. A further advantage of the invention is that when the radiating element is 
located in/on the cover of the device, the radiating characteristics of the antenna are 
better compared to a radiator located more inwardly. A further advantage of the 
10 invention is that the production costs of the antenna according to the invention are 
relatively low. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in detail below. In the description, reference will be 
made to the accompanying drawings where 

Fig. 1 shows an example of a planar antenna structure according to the prior art, 
Fig. 2 shows a second example of a planar antenna structure according to the 
prior art, 

Fig. 3 shows the principle of a planar antenna structure according to the inven- 
tion, 

Figs. 4a,b show an example of an implementation of a planar antenna structure 

according to the invention, 
Fig. 5 shows a second example of an implementation of a planar antenna 

structure according to the invention, 
Fig. 6 shows a third example of an implementation of a planar antenna structure 
according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 3 illustrates the principle of the planar antenna structure according to the 
invention. In the figure there is seen a circuit board 301 of a radio device, the 
conductive upper surface of the circuit board serving as signal ground and ground 
plane 310 for the antenna. Above the ground plane there is a parallel planar 
radiating element 340. Between the ground plane and radiating element, clearly 
closer to the latter than the former, there is a planar feed element 330. Its size is a 
fraction of the size of the radiating element. Between the radiating element and feed 
element exists only an electromagnetic coupling. 



The antenna structure depicted in Fig. 3 further includes a feed circuit 320 which 
connects the feed element 330 to the antenna port of the radio device. The antenna 
port, in turn, is in connection with the transmitter and receiver in the radio device. 
The feed circuit has a galvanic contact to the signal ground GND. The antenna feed 
5 conductor comes from the feed circuit to the circuit board 301 at a point FCN. 
Together with the design of the feed element the feed circuit provides for the 
matching of the antenna and formation of the operating bands; there is thus no need 
to shape the radiator for these functions. The radiating element, feed element, feed 
circuit, and ground plane together form a resonator structure which has a resonating 
10 frequency that falls into the band of at least one radio system. 

Fig. 4a shows a simplified cross section of a radio device using an antenna accord- 
ing to the invention. There is shown the cover 460 of the radio device and the circuit 
board 401 of the radio device, fixed either directly or indirectly to the cover. A 
radiating element 440, the width of which is nearly the same as the inner width of 

15 the radio device, is positioned against the inner surface of the cover 460. In this 
example case, the inner surface is slightly curved and the radiating element follows 
its contours. Under the radiating element there is a feed element 430. Between them 
there is a dielectric layer 402. In practice, it may be a flexible circuit board on 
opposing surfaces of which the elements are located, and which is attached to the 

20 cover of the radio device. The antenna feed circuit is located on a small feed circuit 
board 403 placed vertically between the feed element and circuit board 401. The 
arrangement according to Fig. 4a saves space because a radiating plane like the one 
depicted in Fig. 1 need not be placed within the inner space of the device, separated 
from the cover. Furthermore, because of the relatively large radiator, the distance 

25 between the ground plane and feed element can be left somewhat smaller than that 
between a ground plane and radiating plane in a corresponding PIFA structure. 

Fig. 4b shows an example of the feed circuit and its immediate surroundings 
enlarged. The feed circuit 420 comprises a ground conductor 421 and antenna feed 
conductor 422 which both are meandering strip conductors. The meander patterns 

30 are parallel on the feed circuit board 403. The feed conductor 422 is connected at its 
lower end to the antenna port AP and at its upper end galvanically to the feed ele- 
ment 430 at a feed point F. The ground conductor 421 is connected at its lower end 
to the ground plane 410 and to one terminal of the antenna port. At its upper end the 
ground conductor continues between said meander patterns back down and finally 

35 expands into a small conductive pad PAD right next to the lower edn of the 
meander pattern formed by the feed conductor. This way, the feed conductor 422 is 
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at an intermediate point electromagnetically coupled to the ground conductor which 
is "seen" by the feed conductor as an inductive component grounded at the opposite 
end. Of course, the feed circuit can be designed in different ways. For example, the 
ground conductor may have a galvanic contact with the feed element as well. In that 
5 case, too, at least if we are referring to a multiband antenna, the ground conductor is 
not an ordinary short-circuit conductor because it is arranged to have reactance and 
a coupling to the feed conductor in order to provide for the operating bands and 
matching. 

The circuit arrangement described above gives the antenna two clearly separate 
10 resonances and the corresponding operating bands even though neither the radiator 
440 nor the feed element 430 has a slot pattern. The lower resonating frequency can 
be arranged to fall into the frequency area of GSM900 (Global System for Mobile 
telecommunications) and the upper resonating frequency into the frequency area of 
GSM 1800, for example. 

15 Fig. 5 shows a second example of a planar antenna according to the invention with 
its feed circuitry. There is seen a similar simplified cross section of a radio device as 
in Fig. 4a. The difference from the structure depicted in Fig. 4a is that now the radi- 
ating element 540 is a conductive layer on the outer surface of the cover 560 of the 
radio device and the feed element 530 is a conductive layer on the inner surface of 

20 the cover 560. Thus the dielectric cover provides galvanic isolation between the 
elements in question. In this example the width of the radiating element equals to 
that of the whole radio device, even extending a little to the side surfaces. Such a 
size and the fact that there is only a very thin dielectric protective layer on top of the 
radiator, enhance the radiating characteristics. The radiating element can also be 

25 embedded within the cover in a manufacturing stage in which case there is no need 
for a special protective layer. The feed element, too, can be embedded within the 
cover. For the feed circuit there is in this case, top, a small circuit board 503 located 
between the feed element and ground plane. The difference between this and Fig. 4a 
is that the feed circuit 520 now includes discrete components. To avoid losses, these 

30 components are purely reactive, i.e. coils and capacitors. 

Figs. 6a,b show a third example of a planar antenna according to the invention. Fig. 
6a shows a radio device 600, shaped like an ordinary mobile phone, seen from 
behind. In this example the upper portion 640 of the rear part of the cover of the 
radio device is made of a conductive material and serves as a radiating element. It is 
35 made of aluminum, for example by extruding. On the inner surface of the radiating 
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element 640 there is a feed element 630, depicted in broken line, separated by a thin 
dielectric layer. 

Fig. 6b shows the radio device of Fig. 6a seen from a side. The radiating element 
640 is curved at its edges, forming also part of the side surfaces and end surface of 
5 the radio device. It is joined without discontinuity to the rest 670 of the cover of the 
radio device, said rest being made from dielectric material. The outer surface of the 
radiating element 640 is naturally coated with a thin non-conductive protective 
layer. 

The attributes "lower", "upper" and "vertical" refer in this description and in the 
10 claims to the positions of the device as shown in Figs. 3, 4a, 4b, and 5, and have 
nothing to do with the operating position of the devices. 

Planar antennas and their feed arrangements according to the invention were 
described above. The shapes of antenna elements may naturally differ from those 
presented. Also the number of elements may vary because a parasitic radiator, for 

15 example, can be added in the antenna. The invention does not limit the fabrication 
method of the antenna. The surface elements joined to a dielectric intermediate 
layer or to the cover of the radio device may consist of some conductive coating 
such as copper or conductive ink. They may also consist of sheet metal or metal foil 
attached by means of ultrasound welding, upsetting, glueing or tapes. The different 

20 elements may have different fabrication and attachment methods. The inventional 
idea can be applied in different ways within the scope defined by the independent 
claim 1. 



